Introduction
Until preventive measures are widely established neonatal tetanus will remain a peroblem in many parts of the world, with a mortality in the region of 90% on conservative treatment. A regimen of treatment with intermit.tent positivepressure ventilation (I.P.P.V.) and muscle relaxants, which has been evolved after much trial and error, is described because it has stood the test of time and of changes of staff, has greatly reduced -the mortity and, it is hoped, will prove helpful in areas where tetanus neonatorum is still a problem.
Patients and Methods
On admission to hospital all cases received 1-2 ml praldehyde intramuscularly or 1-2 mg diazepam (Valium) to help control the spasms and were given oxygen as required. Anitetanic serum 10-20,000 U intravenously and 20,000 U intramuscularly in divided doses was given at four different sites on the outer aspect of the thigh. Intramuscular gammaglobulin 2 ml helped -to control ineotion, and 1-2 mg vitamin Ki was given intramuscularly to minimize bleeding at tracheostomy. Intramuscular procaine penicillin 100,000 U and kanamycin 15 mg/kg/day in two doses were given for 10 days to control the unbilical infection and supply antibiotic cover.
A small percentage of neonates with tetanus survived on a conservative regimen of tube feeding and sedation. These infants had mild spasms which did not materially interfere with breathing or swallowing saliva. Severe spasnm, a severe cyanotic episode, or any apnoeic episode were absolute indications for tracheostomy and assisted respiration.
TRCHEOSTOMY
Tracheostomy is best carried out under general anaesthesia with the use of an endotracheal tube. Local anaesthesia alone increases the risk of the procedure. A high tracheostomy with a longitudinal incision through the second, third, and fourth tracheal rings using a short incision of exposure 'has virtually abolished the complication of pneunothorax. Excision of any carilage or a transverse incision of the trachea was found to be undesirable.
A Pilling-Holinger tracheostomy tube 5 mm in diameter (size 1) and 33 mm long had a T-piece welded on to the inlet to provide a side attachment to the respirator and an end opening for suctioning ( fig. 1) of air when positive pressure was applied. Pressure erosions of the infant's trachea developed very easily, and to lessen the chances of this occurring the tapes holding the tracheostomy tube were not tied too tightly and the tube was kept loose enough to be pulled in and out for 05 cm each day so that it did not apply constant pressure on one site. The attachment to the respirator was light and flexible (biliary Ttubing) and the tube was not so long as to impinge on the carina. The angle of the head, neck, and body were such as to ensure that the tracheostomy tube and the tracheal lumen were in alignment.
VENTILATION
The best ventilator was found to be the one with which the nursing and medical staff were most familiar, and the simpler the better. The East Radcliff ventilator working through a warm water humidifier proved excellent. The humidifier was set so that the gases entering the patient were between 33-35°C. This meant that the humidifier was set at ± 60°C. (Sykes, 1960) by which equilibrium is obtained between the mixed venous Pco2, the lung gas, and a bag or rubber balloon containing After a period of between two and four weeks tetanic muscular twitching lessened and the period between injections of tubocurarine lengthened. Spontaneous respiratory movements occurred at this time and a trial was made of stopping curare. Phenobarbitone 7 5 mg was given three times a day by stomach tube to maintain relaxation. The ventilator had to be continued for four to five days after stopping curare, however, gradually reducing the inspiratory pressure, as sudden fatal apnoea can occur for no apparent reason during the period of re-establishment of normal breathing; as if the respiratory centre becomes unresponsive after prolonged artificial take over.
After respiration had been re-established, the hypertonicity of the jaw muscles relaxed sufficiently for sucking movements to be made and feeding by mouth was attempted with a Bellcroy feeder. Only when this was carried out without any difficulty was an attempt made to detubate.
A size 00 Pilling-Holinger tracheostomy tube of 3 mm diameter was inserted and the stoma of the tube blocked with the bung from a stomach tube. The diameter of the trachea was so much larger that breathing around 'the tube through the nose or mouth usually resulted. When the tube could be occluded continuously for 24 hours and all feeds were taken without difficulty the tube could be removed without likelihood of its having to be reinserted.
If 'the infant would not tolerate blocking of the tube this indicated that one of three types of obstruction was present (Smythe, 1964) ; granulations which had formed above the level of the tracheostomy tube; compression of the tracheal rings above the level of the stoma; or angling or kinking of the trachea with inspiration because it was attached by fibrous 225 tissue forming around the stoma to the skin. The methods that were used to effect detubation in these children are described elsewhere (Smythe, 1967 fig. 3 ). I.P.P.V. was first tried in 1959 (Smythe and Bull, 1959) with some improvement, but it was the introduction of the Sykes rebreathing method (Sykes, 1960) to control the inspiratory pressure which caused a sharp reduction in mortality after 1961 (Smythe, 1963) . The deterioration in 1964 was largely a result of problems with tracheostomy; when these were clarified (Smythe, 1964) improvement followed. In 1967 a further sharp fall in mortality followed the introduction of the instillation of antibiotics down the tracheostomy tube to control infection (Smythe, 1967) . Since then the only significant rise in mortality was in 1970 when for three weeks 100% oxygen was used in error ( fig. 3) . But for this the mortality would have been 16% in 155 cases. In a consecutive series of 97 admissions there were 10 deaths. In the last 30 admissions there have been no deaths. It is not our purpose to compare and contrast different methods and results. But it should be stressed that other methods have been tried, and deviations from the recommended procedures should be approached with caution.
This unit has been under the care of doctors who have other responsibilities as well as the tetanus unit. About 30 infants are treated each year in a unit of six beds. Generally at any one time two infamns are on curare and I.P.P.V., two are being weaned from the ventilator, and two are in the process of being detubated. The infants stay in the ward from six to eight weeks. i he single most important contributory factor towards success in treatment is the constant care and attention by the doctor in charge. Until the method is perfected and the nursing staff are familiar with the hazards, the doctor must visit the child every four hours. If he cannot sleep in he must see the child at midnight and again first thing in the morning. The doctor must make himself fully familiar with the techniques, particularly of physiotherapy and suctioning, after which assistants and registrars can be trained to take over part of the care. The same applies to the nursing staff, who must be trained in sufficient numbers to provide full 24-hour cover. It is useless to try to treat these children if an untrained nurse is expected to take over the care of a child who can die in five minutes should anything go wrong. Nevertheless, high praise is due to the nursing staff who are not trained nurses, but nurseaides; care and attention and dedication has been largely responsible for the good results.
ADDENDUM.-Recently a positive end expiratory pressure of 5 cm water has been used with ventilation of these infants (Voss, 1973 
